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The electron density profiles were obtained interferometrically with the use of an infrared light source (10.6 03BC). The experimental results have shown that close to the end of the ionization relaxation zone, the measured electron densities and temperatures agree fairly well with the equilibrium calculations. This is an indication that the radiation yield has a weak effect in the relaxation zone and that the radiative losses in the equilibrium flow region should be taken into account. The measured losses are shown to be far in excess of those calculated for the continuum transparent throughout the whole spectral range, which is indicative of the discrete line radiation to be mainly responsible for the radiative losses. Principle. --After ionization relaxation ceases in a shocked noble gas, the gas state achieves its local thermodynamic equilibrium. Then, the electron density starts decreasing slowly, which occurs mainly due to radiation losses of the shock-heated gas volume. If radiation cooling is assumed to be the principal source of energy losses and the boundary layer effects are neglected, then the one-dimensional conservation equations for steady flow in the coordinate system associated with the shock wave front should be writ-
where p, u, p, T are the density, velocity, pressure and temperature of a gas, respectively, and x the distance along the shock tube axis recorded from the shock wave front. Here the gas flow parameters are treated as one-dimensional whereas Q, the loss of energy due to radiative transfer per unit volume of a gas per unit time, is generally three-dimensional. The radiative loss term is expressed as k the Boltzmann constant, ma the atom mass. The system of 'equations (1)- (3) where Zi is the ion partition function. In argon, and AI the ionization potential reduction due to the Coulomb particle interaction [3] , h the Planck constant, me the electron mass.
If the gas ionization degree is small (03B1 1), the specific kinetic flow energy is also small compared with the specific enthalpy (u2/2 h) and if we,assume that the gas flow temperature varies slightly in the equilibrium region (this is taken into account for differentiating the Saha equation), then from equation (3) in terms of (1)- (2), (5)- (7) Maximum values of ne and plasma temperature were shown to coincide with the predicted equilibrium ones [13] . Figure 4 shows that the maximum temperature measurements agree fairly well with the equilibrium calculations. It follows that the experimental parameters attain their equilibrium values when ionization relaxation has ceased, thus pointing to small energy losses in this flow region.
Results and discussion. - The measured profiles of an electron density decrease behind the shock wave front were used for quantitative determination of integral radiation losses by formula (8) . For In noble gases the radiation losses are attributed to spectral lines (bound-bound electron transitions) and continuum (free-bound and free-free electron transitions in the fields of ions and atoms) [17] . The noble gas radiation in the continuum can be easily found [2] since the summation over all levels is replaced by integration when calculating the photorecombination radiation. For argon, only electron transitions to the ground and 4s states may be taken into account separately. For experimental comparison, the value of the integral radiation losses in the continuum (only) is estimated under the assumption that, except photorecombination radiation to the ground state, radiation is transparent. The results are shown in figure 5 by the dashed lines and lie considerably below the experimental data. This confirms the results of Yakubov [16] , from which it follows that the spectral line contribution to radiation is the main source of radiation losses in argon (the shocked gas state, p = 0.8-1 atm, T = 104 K). Including all energy levels hampers exact calculation of the integral radiation losses and requires a great deal of computer time.
According to our estimates, the plasma may be considered to be transparent for integral radiation. In this case the radiation losses are determined simply by the integral gas emissivity, e, and are equal to Q = 4 ne. It is of interest to represent e in a simple analytical form. The contribution of the continuum is taken into account [2] and that of the spectral lines, by their spreading over the spectrum in accordance with the spectroscopic stability principle. In the work by Kozlov et Figure 5 shows the comparison between the experimental and predicted data (solid lines). Their good coincidence gives the possibility of applying the simple method for calculating the integral emissivity even in that region of parameters where the spectral lié radiation is predominant. The analysis of relation (9) shows that for small ionization, e is proportional to the gas pressure, similarly to 2. calculation by formula (9) .
development, [7] . If the maximum distance between the shock wave front and contact surface in the steadystate flow regime is designated through 1,,,, then the effective nozzle cross-section is described by a simple relation :
where Ao is the shock tube channel cross-section. s = 0.5 for a laminar boundary layer and s = 0.8 for a turbulent one.
For typical experimental conditions, the viscosity effect on the gas flow in the shock tube was estimated.
The system of equations (2) , (3), (5)- (7) (9) . Figure 7 shows a comparison between the measured electron density profile in the equilibrium region behind a shock wave (pl = 3 torr, M = 12.12) and the predicted one at different lm for the case of a laminar boundary layer. It is seen from figure 7 that at lm = 200 cm the boundary layer effects on the shock tube flow are insignificant. The same conclusion is valid for a turbulent boundary layer. This certainly confirms the applicability of the method for determining integral radiation losses in a shock-heated gas based on the one-dimensional flow approximation, the electron density decay determination providing a means of-sensitively detecting the integral radiation losses behind an ionizing shock wave.
